
For Interiial Distribution Only 

Accelerator Division 
Alternating Gradient Synchrotron Department 

BROOKHAVEN NATIONAL LABORATORY 
Upton, New York 11973 

Accelerator Division 
Technical Note 

AGS/AD/Tech. Note No. 424 

THE DIPOLE FIELDS OF THE AGS MAIN MAGNETS 

R. Thern and E. Bleser 

January 26, 1996 



THE DIPOLE FIELDS OF THE AGS MAIN MAGNETS 

R. Thern and E. Bleser 

SUMMARY 

This note records and parameterizes the strength of the dipole fields in the AGS main 
magnets. 

THE AGS MAIN MAGNETS 

The AGS main magnets are combined function C-magnets which have two lengths. The 
“long” magnets are 90 inches long and are designated “A” or “C” magnets. The “short” magnets 
are 75 inches long and are designated “B” magnets. If the wide side of the magnet gap is to the 
outside of the magnet, away from the backleg, the magnet is called an open magnet. If the narrow 
side of the gap is to the outside of the magnet, the magnet is called a closed magnet. There are 
three kinds of magnets: long, open or closed, and short, open. Their designations are: 

A long ,open 
B short, open 
C long, closed. 

Depending on their installation orientation in the ring, each of these magnets may be focussing or 
defocussing. Therefore there are six designations for magnets installed in the ring: AD, AF, BD, 
BF, CD, and CF. 

THE MEASUREMENT DATA 

Some years ago one of us (R.T.) made point to point field maps for an open magnet and a 
closed magnet over a number of current settings. The data were analyzed and used to generate 
the excitation functions and harmonic contents for the AGS main magnets. The results of this 
analysis have been incorporated into a number of operating systems, however the results have 
never been documented. Since magnetic storage may be long-lasting but the retrieval hardware 
and software seem to disappear in less than a decade, this note is being prepared to provide a 
permanent record of the data. It deals only with the analyzed results of dipole component of the 
main AGS magnets. 

THE RESULTS 

Tables lA, lB, and 1C give the central dipole field strength for magnets A, B, and C for a 
number of different currents. The integration is performed along two different paths in each 
magnet: F for integration along the curved central orbit when the magnet is focussing, and D for 
integration along the curved central orbit when the magnet is defocussing. These paths are 



defined in Tech. Notes 215 and 217. Table 2 records the integrated field all the way around the 
AGS by summing over all 240 magnets. Table 2 was transmitted to the AGS power supply group 
and has been incorporated into the Main Magnet control program. 

ACCURACY 

The point to point accuracy of the measurements is about one part in 5000. Integrating 
over the fields probably gives relative accuracies better than this. However the overall calibration 
of the apparatus is probably about 0.5%. This is the number of interest when Table 2 is compared 
against data that may be taken on the AGS with the Gauss clock. In this note we carry a lot of 
decimal places for two reasons: we can avoid round-off problems in the parameterizations and 
many decimal places will enable us to identify the source of the data in the future. 

PARAMETERIZATION 

Figure 1 shows the data from Table 2 plotted as BxL/I versus I. We have parameterized 
this data by fitting the low field data to powers of 1/I, forcing the curve to be flat in the I range 
around 1000 Amperes, and fitting the remainder to a power series in I. The fitted curve is also 
shown in Figure 1 and the parameters are given in Table 3. 

BxL - 0 - 4  a-3 a -2 + - + - +  
I 14 13 12 

+- a, + a l l  -+ a212 + a 3 ~ 3  + + a515 + a616 

The inverse of these results, I/(BxL) versus (BxL), is given in Figure 2 and Table 4. Since the 
momentum, P, is directly proportional to BxL, the parameterization for P is also given. 

BENDING RADIUS 

The bending radius of the AGS depends to some degree on how it is calculated. To get a 
somewhat general answer, we take each magnet, its effective length, and its bend angle from Tech 
Note 215 to find the arc length of the orbit in the magnet. Summing over the 240 magnets and 
dividing by 2 pi gives the bending radius: 

This value should be consistent with other calculations to about 0.5 millimeters. 
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TABLE 3 

FORMULA 

B*L/I P/I 
T*M/A G eV/c//A 

TERM COEFFICIENT COEFFICIENT 

a-3 

a-2 

a- 1 

a0 
a1 

a, 

I a - A  I I / l - 4  I 3.833395E+041 1.829045E+031 
l / l - 3  -3.003303E +03 -1.432980E +02 
I A - 2  8.165383E+01 3.895986E+00 

1 /I -1.3841 48E-03 -6.604247E-05 
CONSTANT 1.214860E-01 5.79651 5E-03 

I -4.545545E-07 -2.1 68837E-08 
1-2 9.586722E-10 4.5741 56E-11 

~~ 

I - -  a, I 1-3 I 6.700589E-131 -3.197083E-141 
~~~ 

I a A  - 1  1-4 I 2.027363E-161 9.673249E-181 
~~ 

I aE; I 1^5 I -2.658005E-201 -1.268226E-21 I 
I aR I 1-6 1.052l9lE-241 5.020365E-261 

~~ 



TABLE 4 

I/(B*L) I/P 
A/(T*MNI) A/(GeV/c) 
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